Abstract: Pressure ulcers, also called decubitus ulcers, are a common challenge of humanity. They are wounds initiated by pressure on the skin that blocks circulation causing the skin and underlying tissues to die. Without care, pressure ulcers continue to grow in diameter and depth and are exceptionally difficult to heal. They have probably always existed, and are present on Egyptian mummies. Pressure ulcers are a serious health issue, very painful, a significant physiological challenge, can shorten the life of a patient, are an emotional and financial burden to the patient, those who deal with them, and in the United States alone annually costs in excess over $10 billion dollars for care and prolonged hospitalization. Pressure ulcers can develop with as little as two hours of pressure, and because even a brief lapse in avoidance of pressure leads to ulcers, they are frequently impossible to prevent, even for the most conscientious patient with an extensive support group and unlimited financial resources. Therefore, enormous effort is required to find effective and reliable techniques for preventing the initiation of ulcers and eliminating them once they develop. This review looks at the various approaches presently used and in development for the treatment of pressure ulcers, evaluates which may be best in eliminating ulcers, and discusses combinations of techniques that may be most effective in eliminating pressure ulcers.
INTRODUCTION
Pressure ulcers, also called decubitus ulcers, were first seriously studied by Jean-Martin Charcot, a clinician in the 19th century [1] [2] [3] . He proposed that pressure or local irritation were not the causative factors for the decubitus, but rather, that damage to the central nervous system led directly to the ulcers, a concept he called the "neurotrophic theory."
Charcot observed that many patients who developed eschar of the sacrum and buttocks died soon afterwards, and referred to this lesion as the decubitus ominosus, implying that the development of an ulcer was a sign of impending death [2] . Although methods for dealing with pressure ulcers improved significantly, there is still no reliable method for eliminating them. Physicians of ancient Egypt were experts in the art and science of healing wounds, as is revealed in the Smith Papyrus, one of the oldest medical texts in existence [4] . Today, wound healing is no longer emphasized in medical training and practice, while wound care is becoming increasingly important to geriatricians and long-term care providers. Although there are an extremely diverse number of ways to approach pressure ulcer prevention healing and prevention none is optimal [2, 5, 6] .
Development and treatment of pressure ulcers are for all of us at some time in our lives a great concern. This may arise from an infirmity which leaves us immobilized for a prolonged time, or dealing with aging family members or friends who spend long periods immobile in bed. In each of *Address correspondence to this author at the Institute of Neurobiology, 201 Blvd. del Valle, San Juan, PR 00901, USA; Tel: 787-721-1235; Fax: 787-725-1289; E-mail: dkuffler@hotmail.com these cases, the opportunity is present to develop a pressure, which can often lead to a rapid deterioration of lifestyle and death.
This short review examines the etiology of pressure ulcers, some treatments used to treat them, and provides insights into potential new approaches that might provide faster and more reliable methods for ulcer elimination.
ETIOLOGY
Many factors contribute to the development of pressure sores: being elderly, the inability to move certain parts of your body without assistance (such as after spinal or brain injury), a neuromuscular disease (such as multiple sclerosis), malnourishment, being bedridden or in a wheelchair, having a chronic disease condition (such as diabetes or vascular disease), urinary incontinence or bowel incontinence, fragile skin, or a mental disability [7, 8] . Malnutrition [9] , hypoproteinemia [10] , and anemia [11, 12] reflect the overall status of the patient and can contribute to vulnerability of tissue and delays in ulcer [13] wound healing. Poor nutritional status contributes to the chronicity often observed with these lesions. Anemia indicates poor oxygen-carrying capacity of the blood. Bacterial contamination, from improper skin care or urinary or fecal incontinence, is an important factor to consider in the treatment of pressure sores because it can delay wound healing. However, the initial management of a pressure ulcer should include removal of the pressure source.
The final common pathway to ulcerization is that tissues can withstand, for only a brief duration, pressure slightly above capillary filling pressure, and such pressure initiates a downward spiral towards ulceration. Capillaries, have pressure on the arterial side of around 30-32 mm hg, and on the venous side of around 12 mm hg, with sustained pressures higher than these causing microcirculatory occlusion as pressures rise above capillary filling pressure. This results in the interruption of blood supply to the skin [14] , and the resulting ischemia leads to inflammation and tissue anoxia. Tissue anoxia leads to cell death, necrosis, and ulceration. Uninterrupted pressure for as little as 2 hours can cause irreversible changes leading to the development of an ulcer.
The loss of cutaneous sensitivity contributes to ulceration by removing one of the most important warning signals about excess pressure, pain [15] . Paralysis leads to atrophy of the skin with thinning of this protective barrier, making the skin more susceptible to minor traumatic forces, such as friction and shear forces that are exerted during moving a patient [16, 17] . Trauma causing de-epithelialization leads to transdermal water loss, creating maceration and adherence of the skin to clothing and bedding, which raises the coefficient of friction for further insult [16] .
Pressure ulcers are one of the most severe complications for spinal cord injury patients. Ulcers are also an extreme complication for diabetics, and diabetes mellitus significantly retards wound healing.
CLINICAL IMPLICATIONS OF ULCERS
Soft tissues, muscle, and skin have a differential resistance to the effects of pressure. Generally, muscle is the least resistant and will necrose prior to skin breakdown. In addition, pressure is not distributed equally from the bony surface to the overlying skin, with pressure being greatest at the bony prominence and decreasing gradually towards the periphery. Once a small area of skin breakdown has occurred, one is only the tip of the iceberg, with typically a large cavity and extensive undermining of the skin edges.
Pressure ulcers classification typically involves 4 stages of ulceration designed to describe the depth of a pressure sore at the specific time of examination [18] [19] [20] . Stage I represents intact skin with signs of impending ulceration that can be resolved within 24 hours of the removal of pressure, while continued pressure creates erythema that does not blanch with pressure, and the skin may appear white from ischemia. Stage II represents a partial-thickness loss of skin involving epidermis and possibly dermis, which may present as an abrasion, blister, or superficial ulceration. Stage III represents the loss of a full-thickness of skin with extension into subcutaneous tissue but not through the underlying fascia, which presents as a crater with or without undermining of adjacent tissue. Stage IV represents fullthickness loss of skin and subcutaneous tissue and extension into muscle, bone, tendon, or joint capsule. Osteomyelitis with bone destruction, dislocations, or pathologic fractures may be present.
The most common places for pressure ulcers are over bony prominences (bones close to the skin) like the elbow, heels, hips, ankles, shoulders, back, and back of the head [16] . The hip and buttock regions account for 67% of all pressure sores, with ischial tuberosity, trochanteric, and sacral locations being most common. The lower extremities account for an additional 25% of all pressure sores, with malleolar, heel, patellar, and pretibial locations being most common. The remaining approximately 10% of pressure sores may occur in any location that experiences long periods of uninterrupted pressure. No surface of the body is immune to the effects of pressure.
CUTANEOUS INSENSITIVITY DUE TO SHORT PE-RIODS OF CLINICALLY REQUIRED NERVE BLOCK INDUCE ULCERS
Following total knee replacement surgery, femoral and sciatic nerve blocks are often used for postoperative analgesia. In some instances, the resulting heel ulcers result in delayed rehabilitation and prolonged hospital, making this phenomenon a burden on the healthcare system [21] . To prevent pressure ulcers, protection of foot pressure points is critical after the implementation of nerve blocks. An awareness of this unusual complication related to knee replacement surgery is necessary to prevent its occurrence and avoid delays in patient rehabilitation and recovery [22, 23] .
Severe neurologic damage is the major determining factor in predicting neurologic recovery. Pressure ulcer prevention is statistically associated with neurologic improvement and the shortening of rehabilitation. Patient management immediately before admission to rehabilitation has a statistical correlation with neurologic improvement in all patients studied and on both rehabilitation and incidence of pressure ulcers in the neurotrauma and spinal cord injury patients [24] .
PREVALENCE OF ULCERS
A number of studies have examined the prevalence of pressure ulcers in hospitalized or institutionalized patients, all with similar results [25] [26] [27] [28] . Patients hospitalized with acute illness have an incidence rate for pressure ulcers of 3-11%. In 2003, 6.9%, and in 2004, 7% of patients had pressure ulcers at start of health care. Of these, 23% were Stage III or Stage IV and 31% were "not healing." Two thirds of pressure sores occur in patients older than 70 years with a prevalence rate in nursing homes of about 17-28%. Among patients who are neurologically impaired, pressure sores occur with an annual incidence of 5-8%, with lifetime risk estimated to be 25-85%. Moreover, pressure sores are listed as the direct cause of death in 7-8% of all paraplegics. Disturbingly, even with current medical and surgical therapies, patients who achieve a healed wound have recurrence rates of as high as 90%
TESTED METHODS FOR THE ELIMINATION OF PRESSURE ULCERS

Ulcer Care
The current standard methods of pressure ulcer treatment are aimed at removing necrotic debris, controlling infection, and relieving chronic pressure on the wound. Unfortunately, healing rates are poor with standard treatment, averaging 12-20 weeks in clinical trials [25] . The general hope is for the living tissue to release appropriate quantities of growth factors, cytokines and other proteins to stimulate the chronic wound bed and accelerate healing. New therapeutic strategies are being developed and improved for eliminating pressure ulcers, which include skin replacement using biological skin substitutes, growth factors, laser, hyperbaric oxygen, electrical stimulation and negative pressure dressings.
Cleaning
Many clinicians use normal saline to cleanse the periwound skin and the wound bed itself. However, normal saline solutions do not effectively remove skin debris such as water-insoluble proteins and lipids [29] [30] [31] . One study analyzed the skin debris and microorganisms found on the periwound skin of Stage III and IV pressure ulcers compared to normal skin. In addition, microorganisms from the wound bed, periwound, and normal skin were collected before, immediately after, and 6 hours and 24 hours after periwound cleansing using a skin cleanser. A further comparison was made of the influences of periwound skin cleansed with normal saline for one year followed in year two by cleansing with a pH-balanced cleanser, vs. the constant use of the cleanser. The cleanser resulted in 1.8-fold shorter healing time for every stage of ulcer [32] . However, overall, there is no good trial evidence to support use of any particular wound cleansing solution or technique for pressure ulcers [33] .
SILVER CONTAINING DRESSINGS
Microorganisms in wounds retard or prevent healing. Prevention and treatment of wound colonisation or infection can be achieved by using silver-based dressings, which have been used as an antimicrobial agent for centuries [34] . They are effective against a broad range of bacteria (including methicillin and vancomycin-resistant strains), yeast, fungi and viruses [35, 36] . A silver-releasing hydroalginate dressing (Silvercel) induces significantly better wound healing than pure calcium alginate dressing (Algosteril) [37] . A number of silver-based dressings, some of which act by the sustained release of silver ions to the wound bed, are available, and there are wide variations in the amount of data supporting the use of individual products. Some of these dressings frequently induce burning and stinging on application.
Hydrofiber (R) which is combined with a silver dressing reduces these painful actions induced by some other dressings [38] . It also leads to the resolution of periwound maceration in 85% of the patients, and reduces the bacterial burden of the wound [38] . An additional influence is the 70% decrease in wounds size and decreased exudate, decreased purulence and resolution of surface slough [38] .
HYDROPOLYMER TO IMPROVE OR PREVENT PRESSURE ULCERS
Effective pressure ulcer management requires a dressing that maintains a moist environment, to facilitate healing, absorb exudate, remain in place for a number of days, reduce the number of required dressing changes, prevent trauma to the surrounding skin and reduce the costs of ulcer management. One such material is a self-adhesive hydropolymer foam dressing that is a one-piece, multilayer, highly absorbent, non-adherent wound dressing contact layer (Tielle, Johnson & Johnson) [39] . Alione Hydrocapillary dressing (Coloplast A/S), and two hydropolymer dressings, Tielle and Tielle Plus, have relatively equal effectiveness in ulcer healing (Johnson & Johnson) [39] . Tielle induces better healing, especially of heal ulcers (50-77%), compared the effects of a soft silicone dressing (44%) [37, 40, 41] . This design makes dressing changes less painful and traumatic [42] . However, a soft silicone dressing is effective than the hydropolymer dressing in reducing damage to the surrounding skin, maceration, and dressing removal difficulties [37, 40] .
CALCIUM ALGINATE DRESSINGS
Exuding wounds, such as leg ulcers, pressure sores and infected surgical wounds are extensively treated with alginate dressings, primarily formed of calcium alginate fibers [43] [44] [45] . Improvements in calcium alginate dressings have been made by making them into a more cohesive structure with increased strength and greater gelling capacity, provided by sodium alginate, when it is soaked with exudate or blood.
Calcium alginate dressings (UrgoSorb) plus hydrocolloid dressings (Algoplaque) induce more rapidly healing of such wounds compared to controls [46] [47] [48] . Once in contact with an exuding wound, an ion-exchange reaction takes place between the calcium ions in the dressing and sodium ions in serum or wound fluid [47] . When a significant proportion of the calcium ions on the fiber has been replaced by sodium, the fiber swells and partially dissolves forming a gel-like mass. The degree of swelling is determined principally by the chemical composition of the alginate, which depends on its botanical source. Such dressings provide advantages over traditional dressings for some clinical indications.
SHEAR FORCE INDUCED BY DRESSINGS
Shear force enhances the incidence of the development of pressure ulceration. Therefore, dressing materials that reduce shear force against the skin reduce ulceration and facilitate healing [16, 49] .
Hydrogel Treatment
Hydrogel dressing combined with a conservative topical wound-care regimen (gauze with povidone-iodine) have been used for the treatment of pressure ulcers [50] . The differences in the healing rates were not statistically significant [51] . However, hydrogel dressing lead to 84% of the ulcers becoming epithelialized compared to 54% in the control group, although the healing time was not different [51] . Thus, hydrogel occlusive wound dressings facilitate healing by promoting more rapid epithelialization of pressure ulcers, when compared with conservative wound care.
Collagen
Collagen plays a major role in wound healing [52, 53] . Its presence is important in all stages of the healing process. Catrix is a new collagen wound-healing powder is effective in the treatment of wounds healing by secondary intent such as pressure ulcers, venous stasis ulcers and diabetic ulcers, as well as second-degree burns and post-radiation dermatitis [54, 55] . Catrix is also effective in the treatment of wounds unresponsive to conventional treatments by promoting the growth of fibroblasts and keratinocytes in the wound, prevents loss of fluid from the wound and protects the wound from bacterial infections and other agents. Because it is biodegradable, Catrix does not require removal from the wound bed before re-application [54] .
Growth Factors
In animal models, exogenous application of growth factors has been reported to accelerate healing of chronic wounds [56] [57] [58] [59] [60] [61] . Most of the trials have been of brief duration with short to no follow-up periods. The long-term outcome for ulcer patients is better with growth factor application than with surgical or standard non-operative treatment of pressure ulcers. Patients receiving exogenously applied cytokines achieved >85% closure during the treatment [56, 62] . However, the extremely limited number of FDA-approved growth factors has limited the possibilities of performing large-scale clinical trials. Further, all studies to date have tested the influences of only single factors at a time. However, future wound dressings will most likely include several growth factors, with each serving a specific function.
Platelet Derived Growth Factor
Platelets play an essential role in wound healing because they contain and release a host of alpha-granule growth factors (platelet derived growth factor, PDGF; transforming growth factor-beta, TGF-beta; vascular endothelial growth factor, VEGF) [63, 64] .
PDGF is the most researched of all the growth factors, and was originally studied in the management of pressure ulcers [58, 63, 65] , and was eventually approved in North America for the treatment of diabetic lower extremity ulcers [66, 67] . PDGF promotes chemotaxis of neutrophils, monocytes and smooth muscle cells in wounds. Topical application of recombinant PDGF speeds wound healing and promotes granulation tissue formation, synthesis of extracellular matrix and the inflammatory phase of the wound healing process in healthy and healing-impaired animal models and clinical trials [68] . Platelet gel hemocomponent, obtained from mix of activated platelets and cryoprecipitate, allows the topical application of exogenous growth factors and accelerates the healing of chronic ulcers [39, 69, 70] . It also eliminated pain in all patients in one study [69] . Increasing the relative ratio of transforming growth factor (TGF)beta-3 to TGFbeta-1 and TGFbeta-2 applied to ulcers minimizes scarring [63, 71] . Although topical platelet-derived growth factor has demonstrated benefit in some studies, its use remains controversial [14] .
Becaplermine gel (Regranex) is an hydrogel which contains 100 g of recombinant PDGF per gram, and the 0.01% Regranex gel with single daily application is currently the only commercially available topical growth factor for use in cutaneous wound healing [68, 72] . It has been approved as adjuvant treatment for neuropathic diabetic ulcerations of less than 5 cm 2 , extending into the subcutaneous tissue, in the absence of ischemia, in conjunction with a standardized program of appropriate wound care, (control of infection, sharp debridement, provision of a moist environment and avoidance of pressure on the wound). PDGF promotes cutaneous wound healing by increasing proliferation and migration of dermal fibroblasts and extracellular matrix deposition [68] .
Topical Application of Nerve Growth Factor (NGF)
In an animal model study, topical application of NGF to wounds and ulcers leads to a statistically significant decrease in the perimeter of the wound (66%) compared to the control group [73] [74] [75] [76] . Clinically, topical application of NGF leads to the repair of neurotrophic corneal ulcers and recovery of corneal surface sensitivity [77, 78] and to diabetic foot ulcers [79] .
Basic Fibroblast Growth Factor (bFGF)
Topical application of bFGF enhances the healing for operative wounds, burns, chronic dermal and diabetic ulcers about 2-fold faster than untreated wounds [57, [80] [81] [82] [83] . It is proposed that this influence is by inducing proliferation of reparative cells, which are otherwise non-proliferating
Transforming Growth Factor-beta
The pathology of chronic dermal ulcers is characterized by excessive proteolytic activity, which degrades extracellular matrix (required for cell migration) and growth factors and their receptors. Transforming growth factor-beta (TGF-beta) is a key signal in orchestrating wound repair [63, 64, 84, 85] . Targeting TGF-beta using antisense oligonucleotides on the expression of these factors in human keratinocytes results in a decreased expression of bFGF and VEGF in chronic dermal wounds compared to normal human skin [61, 64] . Antisense TGF-beta oligonucleotide treatment down-regulated collagenase secretion activity and upregulate VEGF secretion in vitro. Therefore, TGF-beta antisense oligonucleotide technology may be a potential therapeutic option for the inhibition of proteolytic tissue destruction, and stimulation of angiogenesis in chronic wounds [61, 69] . See [63] for a recent review.
Non-steroidal anti-inflammatory drugs delay ulcer healing and cause refractory peptic ulcers in humans. In an animal model, indomethacin delayed ulcer healing but transforming growth factor-beta and famotidine improved ulcer healing and reversed the effects of indomethacin [86] .
Recombinant Human Erythropoietin
Impaired tissue oxygenation, with hemoglobin greater 100 g/L, makes ulcer healing difficult. Decreased hemoglobin often results from anemia due to a chronic disease and may be due to the effects of inflammatory cytokines on erythroid progenitor cells. Subcutaneous administration of recombinant human erythropoietin (75 IU/kg), 3 times weekly for 6 weeks, leads to the resolution of refractory anemia of chronic disease and healing of Stage IV pressure ulcers of spinal cord patients [11] . The treatment results in a mean hemoglobin increase from 88 to 110 g/L, with a 22% decrease in mean ulcer surface area and 50% decrease in mean ulcer depth [11, 87] .
Essential Fatty Acids
A patients' good nutritional status is essential for wound healing to take place. Protein deficiency has been demonstrated to contribute to poor healing rates with reduced collagen formation and wound dehiscence [88] [89] [90] [91] . Skin beak-down resulting in high exudate loss can result in a deficit of as much as 100 gm of protein in one day [88] . There is a correlation between low serum albumin and body mass index (BMI) and the development of pressure ulcers [92] .
The topical application of essential fatty acids to the entire body, including potential wound sites, improves tissue hydration and elasticity and helps prevent skin breakdown in individuals with a poor nutritional status [89, 93] . This application results in a 36% reduction in the development of pressure ulcers [93] . The influences of the topical application of essential fatty acids may be especially effective for the severely malnourished.
METALLOPROTEINASE INHIBITORS: SYNTHESIS AND SUPPRESSION OF INFLAMMATORY CYTO-KINES
The pathology of chronic dermal ulcers is characterized by excessive proteolytic activity, which degrades the extracellular matrix (required for cell migration), growth factors and their receptors [94] . The over expression of metalloproteinase-3 (MMP-3) (stromelysin-1) and MMP-13 (collagenase-3) is associated with non-healing wounds, whereas active MMPs-1, -2, -9, and -14 are required for normal wound healing to occur [64, 95, 96] . The synthetic metalloproteinase inhibitor, HSCH2CH[CH2CH(CH3)2] CO-Phe-Ala-NH2 (SIMP) is effective in neutralizing the metalloprotease MMP-3 and MMP-13, but not MMPs-1, -2, -9 and -14 [97] . Therefore, SIMP can be used to eliminate MMP-3 and -13, while allowing normal wound healing to take place [97] .
The fluids of chronic, non-healing wounds contain elevated levels of inflammatory cytokines, such as interleukin (IL)-1alpha and IL-6, elevated levels of proteinases, and low levels of growth factor activity compared with fluids collected from acute, healing wounds [95, 98] . The ratio of activated matrix metalloproteinase-9 to tissue inhibitor of matrix metalloproteinase-1 in wound fluids is inversely correlated with healing of pressure ulcers [95] . This led to the hypothesis that chronic inflammation in acute wounds produces elevated levels of proteinases that destroy essential growth factors, receptors, and extracellular matrix proteins, which ultimately prevent wounds from healing.
Wounds that healed well had a significantly lower ratio of pro-and activated matrix metalloproteinases, than the tissue inhibitors of metalloproteinases, compared to wounds that did not heal well [95] . Thus, the ratio of pro-and activated matrix metalloproteinases, to tissue inhibitors of metalloproteinases is a predictor of healing in pressure ulcers [99] . This suggests that reducing pro-and activated matrix metalloproteinase and increasing the level of activity of tissue inhibitors of metalloproteinases would lead to improved wound healing.
Hydrolysate Supplement
An alternative medication for pressure ulcers is a concentrated, fortified, collagen protein hydrolysate supplement. After 8 weeks of treatment this induces approximately twice the rate of pressure ulcer healing compared to control patients, healing in about 70 days, with the ulcers of 63% of the treated patients healing [53, 100] .
High Pressure Treatment
Chronic venous insufficiency (CVI) causes a welldefined microangiopathy described as venous hypertensive microangiopathy (VHM) leading to venous stasis ulcerations [101] [102] [103] . White cell activation, protein leakage from pressurized capillaries, and cytokine imbalances have all been implicated as indirect effects of venous hypertension that contribute to dermal changes seen in chronic venous insufficiency. The direct effect of increased tissue pressures on dermal elements can be demonstrated by placing these cells in vitro under high vs. atmospheric pressure. Cells grown under pressure have reduced growth rates, increased fibronectin production, and abnormal morphologies similar to fibroblasts isolated from venous ulcers [104] . Such a model is a useful tool for direct analysis of the influences of venous hypertension on cells.
The use of multilayered compression therapy is the gold standard in the treatment of a venous ulcer [105] . If there is a lack of improvement over a 2-to 4-week period this is predictive of eventual lack of response to therapy and suggests the need for adjunctive methods to achieve success, such as oral pentoxifylline, tissue-engineered skin, or skin grafting [106] . An alternate treatment of patients with venous stasis ulcerations is a combination of oral and local Pycnogenol, a powerful antioxidant, shows a faster reduction in ulcerated area in comparison those receiving only an oral treatment [102] .
NEGATIVE PRESSURE TREATMENT
Negative pressure treatment, called vacuum-assisted closure (VAC) therapy, or vacuum-assisted closure, is effective clinically on infected surgical wounds, traumatic wounds, pressure ulcers, wounds with exposed bone and hardware, diabetic foot ulcers, and venous stasis ulcers [107] [108] [109] [110] [111] [112] . It utilizes negative pressure to remove fluid from open wounds through a sealed dressing and tubing, which is connected to a collection container. VAC therapy increases wound blood flow, speeds the formation of granulation tissue, and decreases accumulation of fluid and bacteria and accelerate healing.
The optimal sub-atmospheric pressure for wound healing is approximately 125 mm Hg using alternating pressure cycles of 5 minutes suction and 2 minutes without suction. The cyclical application of sub-atmospheric pressure alters the cytoskeleton of the cells in the wound bed, triggering a cascade of intracellular signals that increases the rate of cell division and the subsequent formation of granulation tissue. VAC therapy is also rapid and effective in promoting angiogenesis with the subsequent formation of healthy tissue [113] . Pressure ulcers in all of the categories investigated respond to some degree to VAC therapy [109, 113] with an average size reduction of 55% [114] . VAC therapy induces a greater response than both alginate and hydrocolloid dressings [109] .
Patients receiving negative pressure wound therapy experienced lower rates of hospitalization (35% versus 48%) due to wound problems (5% versus 14%,), and emergent care for wound problems (0% versus 8%) [110] . VAC leads to quicker closure for chronic wounds or in patients with diabetic foot and ankle ulcers, and wounds secondary to peripheral vascular disease, diabetes or peripheral vascular disease [107, 115] , and significantly increases skin graft success rate when used as a bolster over the freshly skingrafted wound [116] .
SYSTEMIC HYPERBARIC OXYGEN THERAPY (HBO) VS. TOPICAL OXYGEN THERAPY
Systemic hyperbaric oxygen therapy and topical oxygen are entirely different. Topical oxygen therapy uses an airtight chamber sealed around a limb or the trunk by a constriction / tourniquet device or by tape, while a high flow (usually 10 liters per minute) oxygen is introduced into the bag and over the wound with a pressure of over 1.0 atmosphere [117, 118] .
Topical oxygen is advocated for the diffusion of oxygen into the wound adequate to enhance healing, and its delivery is less complex and expensive than hyperbaric oxygen. However, data from some topical oxygen therapy studies report a decreased collagen production and inhibition of fibroblast inhibition in wounds, which are considered evidence for improved wound healing, and there is little evidence for its benefits.
Inhalation of pure oxygen causes an increase in normal basal PO 2 values, typically lower than 40 mmHg, to 100 mmHg, at least 3 times the basic value. Treatment of patients with diabetic foot ulcers with HBO therapy causes a doubling of the rate of ulcers healing [119] , vs. a 48% increased rate of ulcer healing for conventionally treated patients. Thus, HBO therapy is valuable for treating selected cases of hypoxic diabetic foot ulcers by accelerating the rate of healing, reduces the need for amputation, and increases the number of wounds that are completely healed on longterm follow-up.
Systemic hyperbaric oxygen therapy involves 100% oxygen presentation under 2.4 atmospheres of pressure, and induces both increased collagen production and fibroblast proliferation, which are considered evidence for improved wound healing. HBO treatment for 90 min daily for a total of 30 treatments results in healing with complete epithelialisation in 60% of the treatment group compared to 13% in the control group [120] . For diabetic ulcers, HBO induced a 4.6-fold decrease in the ulcer size in 70% of the patients at an average of 2.5 months [107] . Thus, HBO plus high pressure enhances the healing of ischemic, non-healing diabetic leg ulcers and appears to be a valuable adjunct to conventional therapy [120, 121] .
Analysis of the pooled data from five trials on diabetic ulcers, showed a significant reduction in the risk of major amputation with HBO therapy, but no influence on ulcer healing and the rate of minor amputation [122] . However, it was concluded that for venous, arterial or pressure ulcers there was insufficient data to provide statistical evidence for the efficacy of HBO treatment [122] .
Hyperbaric Oxygen Plus Basic FGF
HOB plus basic FGF induces the elimination of skin ulcer in legs that were refractory to conventional therapy [123, 124] . The combined therapy induced proliferation of connective tissue of the ulcer tissues, especially collagen and non-collagenous protein suggesting that the healing was due to the proliferation of granulation tissues of the ulcer lesion [123] .
Electrical Stimulation
Several forms of electrical stimulation have been tested for their efficacy in eliminating pressure ulcers, among which are bio-electrical stimulation therapy (BEST) and pulsed electromagnetic force stimulation (PEMF), also called interrupted direct current (IDC). The concept for their effectiveness is that the human body has an endogenous bioelectric system that enhances healing of bone fractures and soft-tissue wounds while another is that the stimulation induces bone to release a host of wound and bone healing factors.
Electrical stimulation has also reported to have no induce on wound healing [125] , while in other studies electrical stimulation was shown to enhance the rate of pressure ulcer healing compared unstimulated controls [126] However, due to the great differences in the methodologies of electrical stimulation, and differences in electrical field forces used, from weak to high-voltage pulsed galvanic stimulation, and the small numbers of participants involved in most studies, further work is required to determine the validity of electrical stimulation in eliminating pressure ulcers.
It has been proposed that high voltage pulsed galvanic stimulation (HVPGS) restores sympathetic tone and vascular resistance below the level of the spinal cord lesion, and thereby may increase the perfusion pressure gradient in the capillary beds [127] . HVPGS has been shown to induce a 35% increase in sacral PtcO 2 , from a baseline level of 49 mmHg to 66 mmHg after 30 minutes of stimulation on subjects lying supine [128] .
Negative Pressure and Electrical Stimulation
Pressure ulcers may be prevented not only by reducing external pressure, but also by increasing the patient's resistance to pressure by directly influencing tissue oxygenation. High-voltage pulsed galvanic stimulation (75 V, 10 Hz) applied to the back at spinal level T6 in spinalcord-injured persons lying supine raises sacral transcutaneous oxygen tension levels to the normal ranges [128] . Thus, high-voltage pulsed galvanic stimulation may be instrumental in preventing pressure ulcers in spinal-cordinjured persons and other groups at high risk [127] . Although both increase cutaneous blood flow, and promote the healing of pressure ulcers, there is no literature on the influences of using negative pressure and electrical stimulation parallel [129] .
Topical Hyperbaric Oxygen and Electrical Stimulation
The influences of topical hyperbaric oxygen and electrical stimulation on Stage III or Stage IV pressure ulcers were studied in a small preliminary clinical trial, but no significant differences in healing were seen, compared to patients receiving topical hyperbaric oxygen alone [130] .
Pulsed Low-intensity Ultrasound
Although its mechanism of action is not known and there are conflicting reports on its efficacy, pulsed low-intensity ultrasound is used clinically to enhance the healing rate of pressure ulcers [25, 131] . In one small study, pulsed low-intensity ultrasound was administered to a patient with a Stage III pressure ulcer over the coccyx for 5 days a week for two consecutive weeks. The treatment resulted in significantly faster healing, wound surface area, (2.7-fold), than seen with placebo ultrasound treatment [132] . However, the healing was significantly faster during the baseline period compared to the pulsed low-intensity ultrasound period [132] . Thus, low-intensity ultrasound appears to have no significant effect on healing of the patient's pressure ulcer beyond that of the standard-care protocol [132] .
Activated Macrophages
Activated macrophages play a major role in almost all stages of wound healing and it may be possible to use local application to ulcers to promote healing. However, prior to ulcer application the monocytes / macrophages must first be activated. This can be accomplished by application of hypoosmotic shock during the process of monocyte-concentrate preparation from a blood unit [133] .
Differential gene expression of the hypo-osmotic shockactivated monocytes/macrophages by DNA microarray analysis shows a significant increased levels of expression of a number of genes directly involved in macrophage function and wound healing, such as gene expression of cytokines and receptors in the activated cells [133, 134] . This correlates with the observed secretion by activated macrophages of cytokines such as IL-1, IL-6, which are a part of the healing process. Thus, application of activated macrophages may be a technique that can be used to induce the wound healing process [133] .
Hormone Replacement Therapy
Hormone replacement therapy (HRT) has been shown to have a protective effect on the occurrence of venous ulcers of the lower limbs of elderly patients compared to those who did not use HRT [135, 136] .
Human Fibroblast-derived Dermal Substitute
Dermagraft (Smith & Nephew) is a human neonatalderived bioengineered tissue comprised of human fibroblast dermal fibroblasts [137] . The chronic diabetic foot ulcers (>6 weeks) of patients treated for 12 weeks with Dermagraft resulted in a 60% increase in complete wound closure compared to the compared to the ulcers of patients treated conventional therapy alone [137] [138] [139] . Although the incidence of adverse events was similar for both the Dermagraft and control groups, the Dermagraft group experienced significantly fewer ulcer-related adverse events [138] .
Laser Treatment
Near-infrared low-level laser therapy (LLLT) under temperature-controlled conditions have been tested for their influences on ulcer healing [140] . No evidence was found that justifies using low-level laser therapy as an adjuvant to the consensus decubitus ulcer treatment [140] .
Light Therapy
Tests for the ability of multi-wavelength light therapy from a gallium-aluminum-arsenide laser source to influence overall healing of pressure ulcers found that it had no influence in ulcer healing rates [141] .
Ultrasound
There is no evidence of benefit of ultrasound therapy in the treatment of pressure ulcers [131] . However, the possibility of beneficial or harmful effect cannot be ruled out due to the small number of trials, some with methodological limitations and small numbers of participants. Further research is needed in this area.
Radiant Heat
Warming a wound edge and periwound for 1-hour leads to increased skin temperature that persists for 15 minutes after warming [142] . This heating enhances the rate of healing of both acute and chronic wounds compared to standard treatment [143] . The mechanism of actions is likely to be an increased blood flow and thus increased oxygenations of the wound tissue.
Polarized Light
Pressure ulcers were exposed to polarized light for 2 weeks, consisting a 5 min daily therapy session, excluding weekends, for 10 days. The ulcers showed better healing compared to control ulcers [144] .
Dietary Supplements
Good nutrition is critical to a patient's wound healing. For patients with pressure ulcers, an oral nutritional supplement, rich in protein and enriched with arginine, vitamin C and zinc, has been found to lead to a significant reduction in the area of pressure ulcers [145] .
Angiogenesis
Improved microcirculation and angiogenesis of the skin is critical for wound healing [146] [147] [148] . Topically applied Phenytoin, a promoter of angiogenesis, substantially accelerates the rate of ulcer healing [149] . It acts by increasing lymphocytic infiltration of the phenytoin-treated lesion. Anti-CD31 immunohistochemistry revealed dense CD31+ lymphocytic infiltration and increased angiogenesis in phenytoin-treated, but not control lesions [149] . Thus, phenytoin appears to enhances wound healing by stimulating lymphocytic chemotaxis and up-regulation of angiogenesis [149] . Enhanced rates of ulcer healing can also be induced by induction of angiogenesis by implantation of bone marrow mononuclear cells (BM-MNCs), including endothelial progenitor cells [150] .
Crystacide has been shown to improve microcirculation and decreases skin free radicals and could therefore play a significant role in wound healing [151] . Although antiseptics such as benzoyl peroxide (BP) are used as the first-line treatment for acne vulgaris, there is suboptimal skin tolerability. Crystacide (Mipharm, Milan, Italy) is a new formulation of hydrogen peroxide (HP) 1% in stabilized cream which has better skin tolerability than benzoyl peroxide [152] .
Crystacide treatment provided to patients with chronic venous insufficiency and venous hypertension associated with ulcerations, resulted in increasing local PO 2 in ulcers, and decreasing PFR and LDF (flux increase is associated with venous hypertension). It also led to a significant reduction in the size of ulcers after 10 days of treatment [151] .
Maggots for Debridement
For centuries green bottle fly maggots, Phaenicia sericata, have been known to help to debride and heal wounds. Maggot therapy was first introduced in the USA in 1931 and was routinely used there until the mid-1940s in over 300 hospitals. With the advent of antimicrobiols, maggot therapy became rare until the early 1990s, when it was re-introduced into modern wound management practice in the USA, UK, and Israel in the treatment of wounds such as pressure sores and leg ulcers [6, 153] , diabetic ulcers [154] [155] [156] gangrene [157] , traumatic injuries [154, 158] , burns [159] , and surgical wounds [156, 160, 161] . The treatment involves the administration of sterile maggots (50-1000) to the wound two to five times weekly and replaced every 1-2 days. Complete debridement can be achieved in about 80% of the patients, compared to only 48% with conventionally treated wounds [162] . Within 3 weeks, maggot-treated wounds necrotic tissue is reduced to one third, and tissue granulation is doubled, compared to nonmaggot-treated wounds [162] . Thus, maggot therapy is a relatively rapid and effective treatment, including those caused by antibiotic-resistant strains of bacteria such as methicillin-resistant Staphylococcus aureus, particularly in large necrotic wounds requiring debridement and that are resistant to conventional treatment and conservative surgical intervention [162] . Although no significant risks or adverse events have been linked to the use of maggots, although their presence may increase pain levels in leg ulcers associated with ischemic disease [162, 163] .
ANTIBIOTICS
Data does not support the routine use of systemic antibiotics for leg ulcers or diabetic foot ulcers without acute infection, although they may be useful as an adjunct to surgery for pilonidal sinuses. However, several topical preparations may be helpful, including dimethyl sulphoxide, silver sulphadiazine, benzoyl peroxide, oxyquinoline and gentamycin [14, 164] .
Honey
The honey appears to act as an effective antibacterial, anti-inflammatory and deodorizing dressing. In a number of studies total wound healing was accomplished with the application of honey-impregnated alginate dressing to pressure ulcers [165, 166] .
Spasticity in SCI Patients
Paraplegic and quadriplegic patients particularly those suffering from spinal cord injuries are at a high risk of developing pressure ulcerations. Patients with a pressure ulcer (14.1%) were significantly more likely to have a contracture than patients without a pressure ulcer (7.1%). Contractures and spasticity often contribute to the development of pressure ulcers by repeatedly exposing tissues to pressure through flexion of a joint. Contractures rigidly hold a joint in flexion, while spasticity subjects tissues to considerable repeated friction and shear forces. Contractures are also more common in patients with spasticity requiring medication (12%) than without spasticity (8%). Unlike pressure ulcers in geriatric patients, which usually can be controlled with pressure relieving devices and local wound care. Spasticity control in spinal cord injury patients should be included as a prerequisite for any treatment protocol of such patients [167] . Thus, there is significant importance in the early admission of spinal cord injury patients to a coordinated spinal cord injury center for the prevention of contractures.
Wound Healing By Early Admittance, Intense and Comprehensive Care
Critical to spinal cord patients' avoidance of pressure ulcers is their early admission to an organized, multidisciplinary spinal cord injury program. Patients admitted to such a program within 1 day of injury had statistically significant reductions in acute care and total lengths of stay coupled with a highly significant reduction in the incidence of pressure ulcers compared to patients who received their acute care services elsewhere and who were admitted to the system solely for rehabilitation. This included ventilator dependency and acute surgical procedure experience. In addition, the mortality rates of these patients were lower than those patients who were not admitted to an organized care system [168] .
Medicare established a Quality Indicator System for pressure ulcer prediction and prevention [169] . National estimates of compliance with this process of care were: use of daily skin assessment, 94%; use of pressure-reducing device, 7.5%; documentation of being at risk, 22.6%; repositioning for a minimum of 2 hours, 66.2%; nutritional consultation, 34.3%; stage 1 pressure ulcer staged, 20.2%; and stage 2 or greater ulcer staged, 30.9% [169] . These results indicated that that US hospitals and physicians have numerous opportunities to improve care related to pressure ulcer prediction and prevention.
Costs
The average medical cost to care for a single patient in the US due to pressure ulcers is estimated to be $400,000 [170] . New Mexico Medicaid fee-for-service system incurred a total cost of approximately $3 million annually for the treatment of the 4 categories of skin ulcers studied [171] and this was for only a fraction of the hospitalized population. The data showed that the majority of wounds were coded as pressure ulcers, which had the highest associated costs [171] . In England the annual cost is about $4.2 billion, or 4% of the total National Health Service budget [172] , while in the US annual cost related to pressure ulcer care are estimated at $10 billion.
Clinicians now approach pressure ulcers as preventable rather than inevitable and view Certified Wound Ostomy Continence Nurses as resources and clinical experts for prevention and treatment. Overall quality of care and financial resource utilization has also improved substantially. However, there is considerable concern about the increased costs of changing from traditional wound care, e.g. hydrocolloids, to Vacuum Assisted Closure (VAC) for the treatment of pressure ulcer, diabetic foot ulcer and ulcus cruris. In Germany alone, it is estimated that the additional costs would be 5 billion Euros per annum only for materials. Cost-effectiveness analysis has shown that despite the extra costs involved in using hyperbaric oxygen, there could be a potential saving for the cost of treatment for each patient [120] . Additional staffing for patients also reduces the incidence of ulcer development and length of additional hospitalization and the healthcare saving cost more than offsets the expense of the additional staff [171] . Further, development of a reliable wound healing techniques, such as electrical stimulation and autologous growth and wound healing factors that enhances the speed and extent of healing would are likely to save considerably more than their costs in terms of lost labor and related expenses.
PRESSURE ELIMINATION USING A NOVEL TECH-NIQUE
We performed a spinal cord operation on a patient with a complete C6 spinal cord transection. Soon after the operation, the patient developed a pressure ulcer in the coccyx region, which became chronic, continuing to grow in diameter and in depth for one year, in spite of routine standard cleaning of the ulcer.
As part of our IRB-approved study, one year following the patient's surgery we applied a pulsed electromagnetic force (PEMF) simulator, obtained on the open market, above C6 to see whether the stimulation had any effect on the patient's neurological recovery. We observed no neurological changes. With the stimulator in this position, its most caudal end was located 45 cm from the cephalic edge of the pressure ulcer.
Within four days of initiating the PEMF stimulation, the tissue within the ulcer began to turn pinkish, and by one week the ulcer began to diminish in depth and diameter. After six weeks use of the stimulator, the ulcer was almost completely closed, and was completely closed by 8 weeks.
The extremely rapid change in the color of the tissue of the ulcer, and the shrinkage of the ulcer within one week of starting the PEMF stimulation, strongly suggests a positive correlation between the stimulation and elimination of the ulcer [173] .
Over a distance of 45 cm, the effective field force generated by the PEMF stimulator is calculated to be effectively zero. This makes it unlikely that the electrical stimulation was directly responsible for the observed improvement in the ulcer. Alternative explanations for the apparent influence of the stimulation on the ulcer are that the electrical stimulation acted on nerves in the region of the stimulator which innervated the ulcer region, or by paracrine effect, by inducing the release of growth factors into the blood stream that affected the pressure ulcer, such as the angiogenesis factors FGF-2 and VEGF.
Little is known about the field force required to reverse the growth of ulcers and induce their elimination. Therefore, a new clinical study is required to examine directly the electrical field forces and the distance from an ulcer at which they should be applied to induce pressure ulcer elimination. It will also be of interest to determine whether ulcer elimination via PEMF stimulation can be enhanced when combined with other techniques, such as hyperbaric oxygenation and application of neurotrophic and wound healing factors to the ulcer.
CONCLUSIONS
A number of techniques increase the healing rate of pressure ulcers. However, while many are only marginally effective, other techniques appear to be more effective. The most effective means for healing pressure ulcers appears to be packing an ulcer with platelet-rich fibrin, electrical stimulation, inhibiting metalloproteases, and hypobaric oxygen treatment. Although each of these techniques is effective by itself, further studies are required to determine the optimal effective application of technique. Although a very promising technique, there are no FDA-approved inhibiting metalloproteases available for testing, which makes this one of the four options not currently possible to test. Therefore, potential optimally effective combinations of techniques are the simultaneous application of wound packing with platelet-rich fibrin, electrical stimulation, and hypobaric oxygen treatment, for the most rapid and significant elimination of pressure ulcers. Optimal combinations of techniques should also be applied as soon as an ulcer begins to develop to reverse the process and prevent the developed of a penetrating ulcer. Such an approach would enormously reduce pain and suffering, the need for amputations, the duration of hospitalization, and the associated health care costs.
